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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re Application of MAJIMA et al 

Application No. Examiner: 

Filed: (Herewith) Group Art Unit: 

For: POROUS SILICON CARBIDE SINTER AND SILICON CARBIDE-METAL 
COMPOSITE THAT ARE OPTIMAL FOR A WAFER GRINDER TABLE 

PRELIMINARY AMENDMENT 

Box Patent Applications 
Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination on the merits, please amend the above-identified 
application as follows: 

IN THE SPECIFICATION: 

On page 1, line 1, delete the heading "SPECIFICATION" 

On page 1, line 6 delete the heading "TECHNICAL AREA" and replace it with — 
BACKGROUND OF THE INVENTION - - 

On page 1, line 16, delete the heading "BACKGROUND ART" 

On page 5, line 22, delete the heading "DISCLOSURE OF THE INVENTION and 
replace it with - - SUMMARY OF THE INVENTION - - 
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On page 9, line 25, delete the heading "BEST MODE FOR CARRYING OUT THE 
INVENTION" and replace it with - - DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS - - 



IN THE CLAIMS: 

Please cancel claims 1-19 without prejudice and add new claims 20-46 as 
follows: 

20. (New) A porous silicon carbide sinter having a structure formed by 
silicon carbide crystals that includes opened pores, wherein the porous sinter has a 
silicon carbide crystal average grain diameter of 20 //m or greater, a porosity of 
40% or less, and a thermal conductivity of 80W/m K or more. 

21 . (New) The porous silicon carbide sinter according to claim 20, wherein 
the silicon carbide crystals include 10vol% to 50vol% of fine silicon carbide 
crystals, which have an average grain diameter of OA/jm to 1.0//m, and 50vol% to 
90vol% of rough silicon carbide crystals, which have an average grain diameter of 
25/ym to 150//m. 

22. (New) The porous silicon carbide sinter according to claim 20, wherein 
the sinter forms a part of a wafer grinder. 

23. (New) The porous silicon carbide sinter according to claim 20, wherein 
the sinter forms a plurality of bonded base materials that are part of a wafer grinder 
table, wherein the table is for grinding semiconductor wafers held on a wafer 
holding plate, and the table includes a fluid passage formed in a bonding interface 
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5 of the base materials. 

1 24. (New) A porous silicon carbide sinter having a structure formed by 

2 silicon carbide crystals that includes opened pores, wherein the porous sinter has a 

3 silicon carbide crystal average grain diameter of 20//m to 100//m, a porosity of 5% 

4 to 30%, and a thermal conductivity of 80W/m K or more. 

1 25. (New) The porous silicon carbide sinter according to claim 24, wherein 

2 the silicon carbide crystals include 10vol% to 50vol% of fine silicon carbide 

3 crystals, which have an average grain diameter of 0.1//m to 1 .0//m, and 50vol% to 

4 90vol% of rough silicon carbide crystals, which have an average grain diameter of 
^ 25//m to 150//m. 

10 26. (New) The porous silicon carbide sinter according to claim 24, wherein 

2js the sinter forms a part of a wafer grinder. 

1^ 27. (New) The porous silicon carbide sinter according to claim 24, wherein 

2M= the sinter forms a plurality of bonded base materials that are part of a wafer grinder 

3q table, wherein the table is for grinding semiconductor wafers held on a wafer 

4 U holding plate, and the table includes a fluid passage formed in a bonding interface 

5 of the base materials. 

1 28. (New) A method for manufacturing a porous silicon carbide sinter 

2 having a structure formed by silicon carbide crystals that includes opened pores, 

3 wherein the porous silicon carbide sinter has a silicon carbide crystal average grain 

4 diameter of 20//m or greater, a porosity of 30% or less, and a thermal conductivity 

5 of 80W/m K or more, the method comprising: 

6 adding 10 parts by weight to 100 parts by weight of a fine powder of a 
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7 silicon carbide having an average grain diameter of 0.1 //m to 1 .0 //m to 100 parts 

8 by weight of a rough powder of a silicon carbide having an average grain diameter 

9 of 5 fjvr\ to 100 //m and uniformly mixing the rough powder and the fine powder; 

10 and 

11 molding a mixture obtained in the mixing step into a predetermined shape to 

12 produce a molded product; and sintering the molded product within a temperature 

13 range of 1 700°C to 2400°C to produce a sinter. 

1 29. (New) A silicon carbide-metal composite having a porous structure 

2 formed by silicon carbide crystals that includes opened pores, wherein the opened 

3 pores are impregnated with metal, wherein the silicon carbide-metal composite has 
43 a silicon carbide crystal average grain diameter of 20//m or greater, a porosity of 
SO 30% or less, and a thermal conductivity of 160W/m K or more, and wherein 100 
g parts by weight of silicon carbide is impregnated with 1 5 parts by weight to 50 

f!i parts by weight of metal. 

CJ 30. (New) The silicon carbide-metal composite according to claim 29, 

f ^ wherein 1 00 parts by weight of silicon carbide is impregnated with 1 5 parts by 

3f: weight to 45 parts by weight of metal silicon to form the composite. 

1 31 . (New) The silicon carbide-metal composite according to claim 29, 

2 wherein 1 00 parts by weight of silicon carbide is impregnated with 20 parts by 

3 weight to 50 parts by weight of metal aluminum to form the composite. 

1 32. (New) The silicon carbide-metal composite according to claim 29, 

2 wherein the silicon carbide crystals include 10vol% to 50vol% of fine silicon 

3 carbide crystals, which have an average grain diameter of 0.1//m to 1 .0//m, and 

4 50vol% to 90vol% of rough silicon carbide crystals, which have an average grain 
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5 diameter of 25 jjm to 1 50//m. 

1 33. (New) The silicon carbide-metal composite according to claim 29, 

2 wherein the composite forms a part of a wafer grinder. 

1 34. (New) The silicon carbide-metal composite according to claim 29, 

2 wherein the composite forms a plurality of bonded base materials that are part of a 

3 wafer grinder table, wherein the table is for grinding semiconductor wafers held on 

4 a wafer holding plate, and the table includes a fluid passage formed in a bonding 

5 interface of the base materials. 

fc 35. (New) A silicon carbide-metal composite having a porous structure 

1M formed by silicon carbide crystals that includes opened pores, wherein the opened 

O pores are impregnated with metal, wherein the silicon carbide-metal composite has 

§=j a silicon carbide crystal average grain diameter of 20jc/m to 100//m, a porosity of 
5% to 30%, and a thermal conductivity of 160W/m K or more, and wherein 100 

0 parts by weight of silicon carbide is impregnated with 1 5 parts by weight to 50 
parts by weight of metal. 

D 

f y 36. (New) The silicon carbide-metal composite according to claim 35, 

2 wherein 1 00 parts by weight of silicon carbide is impregnated with 1 5 parts by 

3 weight to 45 parts by weight of metal silicon to form the composite. 

1 37. (New) The silicon carbide-metal composite according to claim 35, 

2 wherein 100 parts by weight of silicon carbide is impregnated with 20 parts by 

3 weight to 50 parts by weight of metal aluminum to form the composite. 

1 38. (New) The silicon carbide-metal composite according to claim 35, 
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wherein the silicon carbide crystals include 10vol% to 50vol% of fine silicon 
carbide crystals, which have an average grain diameter of OApm to 1 .0//m,. and 
50vol% to 90vol% of rough silicon carbide crystals, which have an average grain 
diameter of 25 jjm to 1 50 //m. 

39. (New) The silicon carbide-metal composite according to claim 35, 
wherein the composite forms a part of a wafer grinder. 

40. (New) The silicon carbide-metal composite according to claim 35, 
wherein the composite forms a plurality of bonded base materials that are part of a 
wafer grinder table, wherein the table is for grinding semiconductor wafers held on 
a wafer holding plate, and the table includes a fluid passage formed in a bonding 
interface of the base materials. 

41 . (New) A method for manufacturing a silicon carbide-metal composite 
having a porous structure formed by silicon carbide crystals that includes opened 
pores, wherein 1 00 parts by weight of silicon carbide is impregnated with 1 5 parts 
by weight to 50 parts by weight of metal in the opened pores, the average grain 
diameter of the silicon carbide crystals is 20//m or greater, the porosity is 30% or 
less, and the thermal conductivity is 1 60W/m K or greater, the method comprising 
the steps of: 

adding 1 0 parts by weight to 1 00 parts by weight of a fine powder of a 
silicon carbide having an average grain diameter of 0.1//m to 1.0//m to 100 parts by 
weight of a rough powder of a silicon carbide having an average grain diameter of 
5^/m to 100//m and uniformly mixing the rough powder and the fine powder; 

molding a mixture produced in the mixing step into a predetermined shape to 
produce a molded product; 

sintering the molded product within a temperature range of 1700°C to 
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2400°C to produce a sinter; and 

impregnating the molded product or the sinter with metal. 

42. (New) The method for manufacturing a silicon carbide-metal composite 
according to claim 41, wherein 1wt% to 10wt%, in carbon weight converted 
value, of an organic substance serving as a carbide source is added to the molded 
product. 

43. (New) A wafer grinder table having a grinding surface for grinding a 
semiconductor wafer held on a wafer holding plate, the table including: 

a plurality of base materials, each of which is a ceramic-metal composite 
formed by impregnating metal silicon in opened bores of a porous body made of 
silicon-containing ceramic; 

a bonding layer formed from the metal silicon to bond the base materials; and 
a fluid passage formed in a bonding interface of the base materials. 

44. (New) The wafer grinder table according to claim 43, wherein, in the 
ceramic-metal composite, the porous body includes silicon carbide crystals with an 
average grain diameter of 20yc/m to 100/ym, has a porosity of 10% to 50%, and has 
a thermal conductivity of 1 60W/m K or more, and wherein 1 00 parts by weight of 
silicon carbide is impregnated with 1 5 parts by weight to 50 parts by weight of the 
metal silicon. 

45. (New) The wafer grinder table according to claim 44, wherein the 
silicon carbide crystals include 10vol% to 50 vol% of fine silicon carbide crystals, 
which have an average grain diameter of 0.1//m to 1 .0//m and 50vol% to 90vol% 
of rough silicon carbide crystals, which have an average grain diameter of 25//m to 
150//m. 
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46. (New) The wafer grinder table according to claim 43, wherein the 
bonding layer has a thickness of 10//m to 1500//m. 



REMARKS 

The foregoing Preliminary Amendment is made to present alternative 
definitions of the invention. No new matter is added. Examination on the merits is 
respectfully requested. 

Respectfully submitted, 



Date: 




Docket No. 2000-22 



J. Rodman Steele, Jr. 
Registration No. 25,931 
Akerman, Senterfitt & Eidson, P. A. 
222 Lakeview Avenue, 4th Floor 
Post Office Box 3188 
West Palm Beach, FL 33402-3188 
Telephone: (561) 653-5000 
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specification 

porous silicon carbide sinter and silicon carbide-metal 
composite: that are optimal for a wafer grinder table 

technical area 

The present invention relates to a porous silicon 
carbide sinter and a silicon carbide-metal composite, and 
more particularly, to a silicon carbide sinter and a silicon 
carbide-metal composite that are optimal for a table that is 
used bv an apparatus for grinding semiconductor wafers, and 
to a method for manufacturing a silicon carbide sinter and a 
silicon carbide-metal composite. 

BACKGROUND ART 

Many present-day electric products use semiconductor 
devices that are manufactured by forming microscopic semi- 
conducting circuits on silicon chips. Such a semiconductor 
device is manufactured from a monocrystal silicon ingot 
through the procedure described below. 

The monocrystal silicon ingot is first sliced into thin 
pieces. The sliced pieces are ground in a lapping process 
and a polishing process. A. bare wafer that has undergone 
these processes has a mirror surface and is thus referred to 
as a mirror wafer. Further, a bare wafer that has undergone 
an epitaxial layer forming process subsequent to the lapping 
process and prior to the polishing process is specifically 
referred to as an epitaxial wafer. 

In a following wafer treating process, the bare wafer 
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repetitively undergoes oxidation, etching, and impurity 
dispersion. After undergoing the above processes, the bare 
wafer undergoes a dicing process and is cat to an 
appropriate size thereby finally completing the desired 
semiconductor device. 

In the above processes, the surface of the 
semiconductor wafer on which a device is formed must be 
ground in one way or another. Accordingly, various wafer 
grinders (lapping machines and polishing machines) have been 
proposed in the prior art as effective means for performing 
such grinding. 

A typical wafer grinder includes a table, a pusher 
plate, and a cooling jacket. The table is fixed to an upper 
portion of the cooling jacket. The table and the cooling 
jacket are both mace of a metal material such as stainless 
steel. The cooling jacket includes a flow passage through 
which cooling water circulates to cool the table. A wafer 
that is to be ground is adhered to a holding surface (lower 
surface) of the pusher plate, which is arranged above the 
table, by a thermoplastic wax. The wafer held by the pusher 
plate, which is rotated, is pressed against a grinding 
surface (top surface) of the table from above the table. As 
a result, the wafer contacts the grinding surface and the 
surface on one side of the wafer is uniformly ground. The 
heat that is built up in the wafer in this state is 
transferred to the cooling jacket via the "cable and released 
from the grinder by the cooling water circulating through 
the flow passage in the cooling jackec. 

The wafer grinder table is often heated to a high 
temperature during a grinding operation. It is thus required 
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Chat the table be formed from a material that is heat 
resistant and thermal irapact resistant. Further, frictional 
force is constantly applied to the grinding surface of the 
table. Thus, It is also required that the table be formed 
from a material that is abrasion resistant. Additionally, 
the generation of thermal stress, which bends the wafer, 
must be avoided to manufacture a wafer having a large 
diameter and high quality. Thus, the temperature difference 
within the table must be minimal. It is thus required that 
the material also have high thermal conductance. 

Due to the above circumstances, there are some ceramic 
materials having superior physical and mechanical properties 
(i.e., new ceramic and engineering ceramic) that are 
recently drawing attention as materials that will take place 
of the metal material that has been used to form the table. 
Among these materials, silicon carbide (SiC) has been 
receiving particular attention. 

Silicon carbide has optimal characteristics such as 
superior thermal conductance, heat resistance, thermal 
impact resistance, abrasion resistance, hardness, oxidation 
resistance, and corrosion resistance. Thus, silicon carbide 
may be used as, for example, an abrasion resistant material 
used in mechanical seals, bearings, or the like, a thermal 
resistant structural material used in a fireproof element of 
a high temperature furnace, a heat exchanger, a combustion 
pipe, or the like, or a corrosion resistant material used in 
pump components or the like, which tend to be exposed to 
acids and alkalis. The characteristics of silicon carbide, 
especially, high thermal conductance, have resulted in a 
recent proposal to use silicon carbide in the table. 
Additionally, rhc impregnation of metal in opened pores of a 



porous silicon carbide body to produce a silicon carbide- 
metal composite having thermal conductance that is superior 
to a non-impregnated body has been proposed. 

A silicon carbide sinter has an advantage in that 
temperature differences do not occur in the sinter due to 
its ability to efficiently transfer heat. Accordingly, the 
sinter has high thermal uniformity and thermal response. 
Further, since thermal stress is not produced and base 
materials resist bending, the shape stability increases. 

However, although the thermal conductivity of the 
silicon carbide sinter is higher than other ceramic sinters, 
the value of thermal conductivity of a porous body is only 
about lOW/m-K to 7QW/m-K. Further, although the thermal 
conductivity of the silicon carbide-metal composite is 
higher than a silicon carbide non-impregnated body, the 
value of thermal conductivity is presently only about 
100W/m-K to ISGW/m-K. 

Accordingly, the heat conductivity must be further 
increased to produce a superior material having further 
thermal uniformity, thermal response, and shape stability. 
Further, if the material is used in the table, the thermal 
conductance must be further increased in the same manner to 
manufacture wafers having larger diameters and higher 
quality. 

When superimposing sheets of base materials, which are 
made of silicon carbide-metal composite, and bonding the 
base materials with a resin adhesive, a table having a flow 
passage in the bonding interface has the shortcomings 
described below. 



In tine prior art, an adhesive, the thermal conductivity 
of which is low, is used to bond base materials. Thus, the 
adhesive increases the thermal resistance in the bonding 
interface and decreases the thermal conductivity of the 
table as a whole. Accordingly, the actual thermal uniformity 
and thermal response are insufficient regardless of the 
employment of the silicon carbide-metal composite that has 
high thermal conductivity. Further, the coefficients of 
thermal expansion differ significantly between the silicon 
carbide-metal composite and the adhesive. Thus, cracking and 
exfoliation are apt to occur at the bonding interface. 
Accordingly, the table was vulnerable to damage when 
subjected to a heat cycle, and the long-term reliability was 
low. Further, when using a brazing material in lieu of the 
adhesive to bond base materials, the problem of the 
increased thermal resistance may be solved. However, 
cracking and exfoliation, which result from the difference 
in the coefficients of thermal expansion, cannot be 
prevented , 

DISCLOSURE Of THE INVENTION 

It is a first object of the present invention to 
provide a porous silicon carbide body, and a silicon 
carbide-metal composite having superior thermal 
conductivity, thermal response, and shape stability. 

It is a second object of the present invention to 
provide a method that ensures the manuf ac turino of such 
optimal sinter and composite. 

It is a third object of the presenc invention to 



provide a wafer grinder member and a wafer grinder table 
that is optimal for manufacturing large diameter, high 
quality wafers. 

A first aspect of the present invention is a porous 
sinter having a structure formed by silicon carbide crystals 
that includes opened pores. The porous silicon carbide 
sinter has a silicon carbide crystal average grain diameter 
of 20jj.iv, or greater, a porosity of 40% or less, and a thermal 
conductivity cf 80W/m-K or more. 

A second aspect of the present invention is a porous 
sinter having a structure formed by silicon carbide crystals 
that includes opened pores. The porous silicon carbide 
sinter has a silicon carbide crystal average grain diameter 
of 20^m to 100/im, a porosity cf 5% to 30%, and a thermal 
conductivity of SOW/m-K or more. 

A third aspect cf the present invention is a method for 
manufacturing a porous silicon carbide sinter having a 
structure formed by silicon carbide crystals that includes 
opened pores. The porcus silicon carbide sinter has a 
silicon carbide crystal average grain diameter of 20 /zm or 
greater, a porosity of 30% or less, and a thermal 
conductivity of SOW/m-K or more. The method includes adding 
10 parts by weight to 100 parts by weight of a fine powder 
of a silicon carbide having an average grain diameter of 
0.1 fin to 1.0 Aim to 100 parts by weight of a rough powder of 
a silicon carbide having an average grain diameter of 5/xm 
to 100 jum and uniformly mixing the rough powder and the fine 
powder. A molded product is produced by 'molding a mixture 
obtained in the mixing step into a predetermined shape. The 
molded produce is sintered within a temperature range of 



170Q°C to 240G°C to produce a sinter, ' 

A fourth aspect of the present invention is a table 
having a grinding surface for grinding a semiconductor wafer 
held or, a wafer holding plate. The table includes a 
plurality of bonded base materials, each formed frorn a 
porous silicon carbide sinter, and a fluid passage formed in 
a bonding interface of the base materials. 

A fifth aspect of the present invention is a silicon 
carbide-metal composite having a porous structure formed by 
silicon carbide crystals that includes opened pores. The 
opened pores are . impregnated with metal. The silicon 
carbide-metal composite has a silicon carbide crystal 
average grain diameter of 20 /zm or greater / a porosity of 30% 
or less, and a thermal conductivity of 16QW/m-K or more. 
Further, ICO parts by weight: of silicon carbide are 
impregnated with 15 parrs by weight to 50 parts by weight of 
metal . 

A sixth aspect of the present invention is a silicon 
carbide-metal composite having a porous structure formed by 
silicon carbide crystals that includes opened pores. The 
opened pores are impregnated with metal. The silicon 
carbide-metal composite has a silicon carbide crystal 
average grain diameter of 20//m to lOOjurn, a porosity of 5% 
to 30%, and a thermal conductivity of lSCW/m-K or more. 
Further, 100 parts by weight of silicon carbide are 
impregnated with 15 parts by weight to 50 parts by weight of 
metal - 

A seventh aspect of the present invention is a method 
for manufacturing a silicon carbide-metal composite having a 
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porous structure formed by silicon carbide crystals that 
includes opened pores, 100 parts by weigh I; of silicon 
carbide aire impregnated with 15 pares by weight to 50 parts 
by weight of metal in the opened pores. The average grain 
diameter of the silicon carbide crystals is 20^m or greater, 
the porosity is 30% or less, and the thermal conductivity is 
160W/m-K or more. The method includes adding 10 parts by 
weight to 100 parts by weight of a fine powder of a silicon 
carbide having an average grain diameter of O.l.cra to 1.0 Atm 
to 100 parts by weight of a rough powder of a silicon 
carbide having an average grain diameter of 5^m to 100 /im 
and uniformly mixing the rough powder and the fine oowder. A 
mixture is produced in the mixing step into a predetermined 
shape to produce a molded product. The molded product is 
sintered within a temperature range of 1700°C to 2400 C C to 
produce a sinter. The molded product or the sinter is 
impregnated with metal. 

An eighth aspect of the present invention is a table 
having a grinding surface for grinding a semiconductor wafer 
held on a wafer holding plate. The table includes a 
plurality of bonded base materials, each formed from the 
silicon carbide-metal, and a fluid passage formed in a 
bonding interface of the base materials. 

A ninth aspect of the present invention is a table 
having a grinding surface for grinding a semiconductor wafer 
held on a wafer holding plate. The table includes a 
plurality of base materials, each of which is a ceramic- 
metal composite formed by impregnating metal silicon in 
opened bores of a porous body made of silicon-containing 
ceramic. A bonding layer is formca from the me- a 2. silicon to 
bond the base materials, and a fluid passage is formed in a 



bonding Interface of the base materials . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing a wafer grinder 
according to a first embodiment of the present invention. 

Fig. 2 is an enlarged cross-sectional view showing the 
main portion of a table used in the wafer grinder of Fig. 1. 

Fig. 3 is an enlarged schematic cross-sectional view of 
the table of Fig. 2. 

Figs. 4A, 4B, and 4C are graphs showing the grit 
distribution of porous silicon carbide sinters that form the 
table of Fig. 2. 

Fig. 5 is an enlarged schematic cross-sectional view 
showing a table according to a second embodiment of the 
present invention, - 

Fig. 6A is an enlarged cross-sectional view showing the 
main portion of a table according to a third embodiment of 
the present invention, and Fig. 6B is an enlarged schematic 
cross-sectional view showing the table of Fig. 6A. 

Figs. 7A, 7B r and 7C are schematic cross-sectional 
views illustrating a process for manufacturing the table of 
Fig- 6A. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment) 

A wafer grinder 1 according ~o a first embodiment will 
now be discussed with reference to Figs. 1 to 4. 

Fig. 1 schematically shows the wafer grinder 1 of the 
present embodiment. A table 2, which terms the wafer grinder 



1, is disk-like. A grinding surface 2a for grinding a 
semiconductor wafer 5 is defined on the top surface of the 
table 2. A grinding cloth (neb shown) is adhered to the 
grinding surface 2a. The table 2 of the present embodiment 
does not use a cooling jacket and is horizontally and 
directly fixed to the upper end surface of a cylindrical 
rocary shaft 4- Accordingly, rotation of the rotary shaft 4 
rc-ates the table 2 integrally with the rotary shaft 4. 

As shown in Fig. 1, the wafer grinder 1 includes a 
plurality of wafer holding plates 6 (two shown in Fig. 1 to 
facilitate illustration) . The plates 6 may be formed from, 
for example, a ceramic material, such as glass or alumina, 
or a metal material, such as stainless. A pusher rod 7 is 
fixed to the center of one side (non-holding surface 6b) of 
each wafer holding plate. Each pusher rod 7 is located above 
the table 2 and connected to a driving means (not shown] . 
Further, each pusher rod 7 horizontally supports the wafer 
holding plate 6. In this state, the holding surface 6a is 
opposed to the grinding surface 2a of the table 2. In 
addition to rotating integrally with the wafer holding plate 
6, each pusher rod 7 moves vertically within a predetermined 
range. Instead of moving the plate 6 vertically, a structure 
that moves the table 2 vertically may be employed. A 
semiconductor wafer 5 is adhered to zhe holding surface 6a 
of the wafer holding plate 6 by, for example, an adhesive 
such as thermoplastic wax. The semiconducrcr wafer 5 may be 
attracted to the holding surface 6a by vacuum suction or 
static electricity. In this siate, it is required thaz a 
ground surface 5a of the semiconductor wafer 5 face the 
grinding surface 2a of the table 2. 

The structure of the table 2 will now be discussed in 
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detail 



As shown in Figs. 1 and 2, the table 2 of the present 
embodiment is a superimposed ceramic structure formed by two 
base materials 11A, 113, which are made of porous silicon 
carbide sinter. Grooves 13 arranged in a predetermined 
pattern and defining part of a coolant passage 12, which is 
a fluid passage, are formed in the lower surface of the 
upper base material 11A. The two base materials 11A, 11B are 
integrally connected to each other by a silver brazing 
material layer 14. This forms the coolant passage 12 in the 
bonding interface of the base materials 11A, 11B. Bores 15 
are formed in the central portion of the lower substrate 
11B. The bores 15 connect flow passages 4a, which extend 
through the rotary shaft 4, to the coolant passage 12. 

The grooves 13, which form part of the coolant passage 
12/ are ground grooves that are formed by roughly machining 
the rear surface of the upper base material 11A and then 
grinding the rear surface before undergoing sintering. It is 
preferred that the grooves 13 have a depth of about 3mm to 
10mm, and a width of about 5mm to 20mm. 

In the present embodiment, -he average grain diameter 
of the silicon carbide crystals forming a porous structure 
is set at a relatively large value of 20^m or greater. The 
efficiency of heat transfer within crystals is generally 
higher than the efficiency of heat transfer between 
crystals. Thus, the thermal conductivity increases as the 
average grain diameter increases. Further, the porosity is 
set at a small value of 40% or less. This also contributes 
to increasing the thermal conductivity. In other words, the 
gaps in a sinter decrease as the porosity decreases. This 



facilitates the transfer of heat. 

Therefore, the temperature difference in the sinter 
becomes less in comparison to the conventional porous body, 
the thermal conductivity of which is much smaller than 
80W/m-K. As a result, the sinter has significantly high 
thermal uniformity and thermal response. Further, since the 
production of thermal stress is avoided and the base 
materials resist bending, the sinter has extremely high 
shape stability. 

In this case, if the average grain diameter of the 
silicon carbide crystal is less than 20 ju m or if the porosity 
exceeds 30%, it is difficult for the thermal conductivity to 
be a value that is 80W/m-K or higher. Accordingly, the 
thermal uniformity, thermal response, and shape stability 
cannot be sufficiently improved. It is required that the 
value of thermal conductivity be 8CW/n*K or greater, 
preferably lOOW/m or more, and most preferably lOOW/m-K to 
18QW/m-K. 

j.t is preferred that the average grain diameter of the 
silicon carbide crystals be 20jun to 100 ^m, more preferred 
that the average grain diameter be 30^m to 90jim, and most 
preferred that the average grain diameter be 40/^m to 70 jum. 
When the average grain diameter becomes excessively large, 
the gaps increase and may decrease the density of the 
sinter . 

It is preferred that the opened pore porosity be 51 to 
30%, more preferred that the porosity be. 10$ to 25%, and 
most preferred that the porosity be 13% to 20%. 
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Further, it is preferred that the sinter includes 
10vol/% to 50vol% of fine silicon carbide crystals 
(hereafter referred to as fine crystals 211 having an 
average grain diameter cf 0 . 1 ji m to 1.0 and 50vol% to 
90vol% of rough silicon carbide crystals (hereafter referred 
to as rough crystals 22) having an average grain diameter of 
25/m to 65 Mm. 

When the fine crystals 21 and the rough crystals 22 are 
included in the sinter at an appropriate ratio as described 
above, the gaps formed between the rough crystals 22 tend to 
be filled with the fine crystals 21. This decreases the 
actual ratio of the gaps. As a result, the thermal 
resistance of the sinter is further decreased. This 
significantly contributes to improving the thermal 
conductance . 

It is preferred that the average grain diameter of the 
fine crystals 21 be 0.1 ^ to 1.0, urn, more preferred that the 
average grain diameter be 0.1, am to OJ/in, and most 
preferred that the average grain diameter be O.i^m to 
0.7/im. To ma!<e the average grain diameter of the fine 
crystals 21 extremely small, expensive fine powder must be 
used. This may increase the material cost. On the other 
hand, if the average grain diameter of the fine particles 21 
becomes too large, the gaps formed between rough crystals 22 
cannot by sufficiently filled. The decrease in the thermal 
resistance of the sinter may thus be insufficient. 

It is preferred that the sinter include 10vol/% to 
50vol^ of the fine crystals 21, more preferred that the 
sinter include 15vol% to 40vol% of the fine crystals 21, and 
most preferred that the sinter include 20vol% to 40vol% of 
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the fine crystals 21. If the content ratio of the fine 
crystals 21 is toe small, the amount of the fine crystals 21 
that fill the space formed between the rough crystals 22 is 
insufficient- The thermal resistance of the sinter may thus 
not be decreased. On the other hand, if the content ratio of 
the fine crystals 21 is too large, the fine crystals 21 that 
fill the gaps is excessive and the amount of rough crystals 
22 that is required to improve the thermal conductance is 
insufficient. This may increases the thermal conductance of 
the sinter. 

Further, it is preferred that the average grain 
diameter of the rough crystals 22 in the sinter be 25 to 
150 jj.m, more preferred that the average grain diameter be 
40 ^m to 100 Mm, and most preferred that the average grain 
diameter be GOjum to 100 ^m. When the average grain diameter 
cf the rough crystal 22 is extremely small, the difference 
between the grain diameters of the rough crystals 22 and the 
fine crystals 21 is small. As a result, the desired thermal 
resistance decreasing effect may not be obtained from the 
mixture of the fine crystals 21 and the rough crystals 22. 
On the other hand, if the average grain diameter of the 
rough crystals 22 is too large, the gaps formed between the 
rough crystals are large. Thus, even if the amount of fine 
crystals 21 is sufficient, the gaps may not be sufficiently 
filled. Accordingly, the decrease in the thermal resistance 
of the sinter may be insufficient. 

It is preferred that the sinter includes 5Gvol/% to 
90vol% of the rough crystals 22, mere preferred that the 
sinter includes 60voll ~o 85voll of the cough crystals 22, 
and most preferred that the sinter includes S0vol% to 80voi% 
of the rough crystals 22. If the content ratio of the rough 
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crystals 22 is too small, the amour. t of the rough crystals 
22 required to increase the thermal conductivity is too 
small. This may increase the thermal resistance of the 
sinter. On the other hand, if the content ratio of the rough 
crystals 22 is too large, the content ration 21 of the fine 
crystals 21 relatively decreases. Thus, the gaps formed 
between the rough crystals 22 cannot be filled. Accordingly, 
the decrease in the thermal resistance of the sinter may be 
insufficient . 

A method for manufacturing the porcus silicon carbide 
sinter, which forms the table 2, will now be discussed. 

The porous silicon carbide sinter is manufactured 
■through a material preparing process, in which fine powder 
is mixed with rough powder at a predetermined ratio, a 
molding process, and a sintering process. 

In the material preparing process, 10 parts by weight 
to 100 parts by weigh* of a fine powder of a silicon carbide 
having an average grain diameter cf 0 . 1 ,u m tc 1 . C \x m is 
uniformly mixed with 100 parts by weight of a rough powder 
of a silicon carbide having an average grain diameter of 
5/xm to lOO^m. 

It is preferred that the average grain diameter of the 
rough powder of a silicon carbide be 5^n to 100 /im, more 
preferred "hat the average grain diameter be 15 Mm to 75 ,um, 
and most preferred that the average grain diameter be 25 
to 60 Mm. If the average grain diameter of the a silicon 
carbide is less than 5 tin, abnormal grain, growth may not be 
effectively suppressed. On the other hand, if the average 
grain diameter of the rough powder of a silicon carbide 



exceeds 60jim, in addition to decreased moldabiiity, the 
strength of the obtained porous decreases. 

It: is preferred that the average grain diameter of the 
5 fine powder of a silicon carbide be 0 . 1 ju m to 1.0 juiu, more 
preferred that the average grain diameter be 0.1 jum to 
0 • 8 At and most preferred that the average grain diameter be 
Q.2;jm to Q.S^m. If the average grain diameter of the a 
silicon carbide is less than 0 . 1 # m, it becomes difficult to 

10 control grain growth and material ccsts inevitably becomes 
high. On the other hand, if the average grain diameter of 
the a silicon carbide exceeds l.Ojum, it may become 
difficult to fill the gaps formed between the rough crystals 
22. The alpha type is selected as the fine powder because, 

15 compared with the beta type, the crystal orientation is 
improved and the thermal conductivity is increased. 

It is preferred that the mixed amount of the fine 
powder be 10 parts by weight to 10G parts by weight, more 

20 preferred that the mixed amount be 15 parts by weight to 65 
parts by weight., and most preferred that the mixed amount be 
20 parts by weight to 60 parts by weight. If the mixed 
amount of the fine powder is too small, the amount of fine 
crystals 21 that fill the space formed between the rough 

25 crystals 22 is insufficient. Thus, rhe decrease of the 
thermal resistance of the sinter may be insufficient. 
Further, this results in the necessity to sen the sintering 
temperature at an extremely high temperature to obtain the 
desired pore diameter of 20 ^m or larger and is 

30 disadvantageous from the viewpoint of cost. On the other 
hand, if the mixed amount of the fine powder is too large, 
the amount cf the rough crystals 22 required to improve 
thermal conductance is insufficient. Thus, the decrease of 

16 



the thermal resistance of the sinter may be insufficient. 
Farther, it becomes difficult to manufacture a sinter that 
has superior strength. 

In the material preparing process, a molding binder and 
a dispersing solvent are mixed with the two types of powder 
as required. These substances are mixed and kneaded 
uniformly and the viscosity is adjusted as required to 
produce raw slurry. The raw slurry may be mixed by means of 
a vibrating mill, an attriter, a ball mill, a colloid mill, 
a high speed mixer, or the like. The mixed raw slurry may be 
kneaded by means of a, for example, a kneader. 

Polyvinyl alcohol, methyl cellulose, carboxymethyl 
cellulose, hydroxyethyl cellulose, polyethylene glycol, 
phenol resin, epoxy resin, acrylic resin, or the like may be 
used as the molding binder. It is preferred that the content 
ratio of the molding binder normally be within the range of 
1 part by weight to 10 parts by weight with respect to a 
total of 100 parts by weight of the silicon carbide powder. 
If the ratio is less than I part by weight , the strength of 
the manufactured molding product is insufficient, which 
makes handling difficult. On the other hand, if the ratio 
exceeds 13 parts by weight, cracks may be produced in the 
molded product when eliminating the molding binder through 
dehydration or the like. This would decrease yield. 

An organic solvent, such as benzene or cyclohexene, an 
alcohol, such as methanol, and water, or the like may be 
used as the dispersing solvent. 

Then, the raw slurry is used to form granules of 
silicon carbide. To granulate the silicon carbide powder, a 
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commonly used technique that is known in the art, such as a 
mist-dry granulation process (the sc-cal.led spray-dry 
process), may be employed. In other words, a process thai 
aerifies and quickly dries the raw slurry, which is 
accommodated in a container in a hot state, may be employed. 

It is preferred that the granule moisture rate be 
O.lwtl to 2.0wt% and further preferred that the granule 
moisture rate be 0.2wt% to 1.0wt%. This is because the 
thermal conductivity increases since the molding product 
density and the sinter density increase when the granule 
moisture rate is in the above range. If the granule moisture 
rate is less than 0.1wt%, the molding product density and 
the sinter density do not increase sufficiently. Thus, it 
becomes difficult for the thermal conductivity to increase. 
On the other hand, if the granule moisture rare exceeds 
2.0wt%, the molding product may crack during dehydration. 
This would decrease yield. 

In the following molding process, the granules, which 
are formed from the mixture obtained in the material 
preparing process, are molded into a predetermined shape to 
produce a molded product. 

In this state, it is preferred that the molding 
pressure be l.Ot/cm' to 1.5t/cm 2 , and more preferred that the 
molding pressure be 1. It/cm 2 tc 1.4t/cm 2 . This is because 
the thermal conductivity increases since the molding product 
groove and sinter density increases. If the molding pressure 
is less than l.Ot/cm' to 1.5t/cm 2 , the molding product 
density and the sinter density do not increase sufficiently. 
Thus, it becomes difficult for the thermal conductivity to 
increase. Cn the other hand, if molding is performed by 



applying a pressure that is greater than i.5t/cm 2 , the 
molding product density, or the like, may be sufficiently 
increased- However, an exclusive press would be necessary 
thus increasing equipment costs and complicating 
manufacturing . 

It is preferred that the density of the molding product 
be 2.0g/cm 3 or more, and especially preferred that the 
density be 2.2g/cnv 3 to 2.7g/cm 3 . This is because the number 
of locations where the silicon carbide grains are connected 
to one another is too small when the density of the molded 
product is too small. As a result, the strength of the 
manufactured porous body decreases and makes it difficult to 
handle. On the other hand, if the density of the molded 
product is increased, an exclusive press becomes necessary 
thus increasing equipment costs and complicating 
manufacturing . 

In the following sintering process, the sinter is 
formed by sintering the molded body obtained in the molding 
process in a temperature range of 1700 C C to 24G0°C, 
preferably in the temperature range of 2000°C to 230Q°C, and 
most preferably in the temperature range of 2000°C to 
2300°C. 

If the sintering temperature is ~oo low, it is 
difficult for necks, which bond silicon carbide grains to 
one another, to grow sufficiently. Thus, high thermal 
conductivity and high strength may not be obtained. On the 
other hand, if the sintering temperature is too high, 
thermal decomposition of the silicon carbide occurs and 
decreases che strength of the sinter. In addition, the 
amount of thermal energy used by a sintering furnace 



increases. This is disadvantageous from the viewpoint; of 
costs . 

The interior of the sintering furnace during sintering 
should be maintained in a gas atmosphere (i.e., ncn- 
oxidation atmosphere, inert atmosphere) that contains at 
least one selected from, for example, argon, helium, neon, 
nitrogen, hydrogen, and carbon monoxide. The interior of the 
sintering surface may also be in a vacuum state. 

It is advantageous that volatilization of the silicon 
carbide from the molded product be suppressed to improve the 
growth of the necks during sintering. Volatilization of the 
silicon carbide from the molded product is effectively 
suppressed by putting the molded body in an insulative 
container that can be sealed from ambient air. Graphite or 
silicon carbide are the preferred material for forming the 
insulative container . 

By performing each of the above steps, the 
manufacturing of a porous silicon carbide sinter having 
superior thermal conductivity, thermal response, and shape 
stability is guaranteed. 

Referential examples specifically employing the present 
embodiment will now be discussed. 

[Referential Example 1-1] 

In referential example 1-1, a rough powder (#400) of a 
silicon carbide having an average grain diameter of 30 ^ra and 
a fine powder (GMF-15H2) of a silicon carbide having an 
average grain diameter of 0 . 3 ti m were prepared. Then, 30 



parts by weight of Che fine powder was added to 100 parts by 
weight of the rough powder and uniformly mixed. 

Then, 5 parts by weight of polyvinyl alcohol and 50 
parts by weight of water were added to 100 parts by weight 
of the mixture and mixed in a ball mill for five hours to 
obtain a uniform mixture. After drying the mixture for a 
predetermined time to eliminate a certain amount of 
moisture, an appropriate amount of the dried mixture was 
granulated. In this state, the moisture rate of the granules 
was adjusted to about Q.8wt%. Subsequently, the granules of 
the mixture were molded by a metal mold by applying a 
pressure of 1.3t/cm 2 . The disk-like molded product (50mm$, 
5mmt} had a density of 2.6g/cm 3 . 

Then, the lower surface of the molded product, which 
was subsequently formed into the upper base material llfr, 
was ground to form the grooves 13, which have a depth ox 5mm 
and a width of 10mm, on the entire lower surface. 

The molded product was then put into a crucible and 
sintered with a Tammann sintering furnace. The sintering was 
performed in an argon gas atmosphere of one atmosphere. 
During the sintering, the temperature was raised to 2200°C 
at a temperature rising rate of 10°C/min and maintained at 
this temperature for four hours. 

In the manufactured base materials 11A, 11B, which were 
made of porous silicon carbide sinter, the porosity of the 
opened pores 23 was 20%, the thermal conductivity was 
130W/m-K, and the density was 2.5g/cm : \ further, the average 
grain diameter of the silicon carbide crystals was 30/im. 
Mora specifically, the base materials 11A, 113 included 



20voll of the fine crystals 21 having an average grain 
diameter of 1.0 Mm and 80vol3 of the rough crystals 22 having 
an average grain diameter of 40/jem. The graph of Fig. 4C 
shows the grit distribution of the sinter of referential 
example 1-1. 

A shaping process was then performed using a technique 
known in the art. Afterward, the two base materials 11A, 11B 
were integrally bonded with each other using a silver 
brazing material. Further, the upper surface of the upper 
base material 11A was ground to complete the table 2. 

The table 2 of the referential example 1-1 that was 
manufactured in this manner was set on various types of the 
grinder 1 and the semiconductor wafers 5 of varied sizes 
were ground while constantly circulating the cooling water W 
in the coolant passage 12. The semiconductor wafers 5, which 
were ground by the various types of the grinder 1, were 
observed. There was no damage to the wafers 5 regardless of 
size. Further, the wafers 5 were noi bent. In other words, 
it was confirmed that the semiconductor wafers 5 having very 
large diameters and high quality were manufactured when 
using the table 2 of this referential example. 

fig, 3 is an enlarged schematic cross-sectional view 
showing the table 2 of referential example 1-1. The porous 
silicon carbide sinter forming the table 2 includes the fine 
crystals 21 and the rough crystals 22. The gaps formed 
between the rough crystals 22 are substantially filled with 
the fine crystals 21. Accordingly, it can be considered that 
the actual ratio of the gaps, or the porosity of the opened 
pores 23 is very small. 



[Referential Example 1-2] 



In ref ersnbial example 1-2, a rough powder (#360) of a 
silicon carbide having an average grain diameter of 35/zm was 
used, and 30 parts by weight of fine powder was added to 100 
parrs by weight of rough powder and uniformly mixed. The 
other conditions were basically the same as referential 
example 1-1. 

As a result, in the manufactured base materials 11A, 
11B, which were made of porous silicon carbide sinter, the 
porosity of the opened pores 23 was 17%, zhe thermal 
conductivity was 145W/m-K, and the density was 2.55g/cm 3 . 
Further, the average grain diameter of the silicon carbide 
crystals was 36/im. More specifically, the base materials 
11A, 113 included 20vol% of the fine crystals 21 having an 
average grain diameter of l.O^n and 80vol% of the rough 
crystals 22 having an average grain diameter of 45 /zn. The 
graph of Fig. 43 shews the grit distribution of the sinter 
of referential example 1-2. 

After completing the table 2 through the same procedure 
as referential example 1, the table 2 was set on the various 
rypes of the grinder 1 and the semiconductor wafers 5 of 
various sizes were ground. Like referential example 1-1, 
excellent results were obtained. 

[Referential Example 1-3] 

In referential example 1-3, a rough powder (#240) of a 
silicon carbide having an average grain diameter of ST^tm was 
used, and 30 parts by weight of fine powder was added no 100 
parts by weight of the rough powder and uniformly mixed. The 



other conditions were basically the same as referential 
example 1-1. 

As a result, in the manufactured base materials 11 A, 
11B, which were made of porous silicon carbide sinter, the 
porosity of the opened pores 23 was 15%/ the thermal 
conductivity was ISGW/m-K, and the density was 2.6g/cm 3 . 
Further, the average grain diameter of the silicon carbide 
crystals was 6S>um. More specif ically, the base materials 
11A, 11B included 20vol% of the fine crystals 21 having an 
average grain diameter cf 1.0 urn and 80vol% of the rough 
crystals 22 having an average grain diameter of B0/im. The 
graph cf Jig. 4A shows the grit distribution of the sinter 
of referential example 1-3. 

After completing the table 2 through the same procedure 
as referential example 1, the table 2 was set on the various 
types of the grinder 1 and the semiconductor wafers 5 of 
various sizes were ground. Like referential example 1-1, 
excellent results were obtained. 

[Comparative Example 1] 

In comparative example 1, a rough powder of a silicon 
carbide having an average grain diameter of lO^m was used, 
and 45 parts by weight of fine powder having an average 
grain diameter of 0.7/im was added to ICO parts by weight of 
the rough powder and uniformly mixed. The other conditions 
were basically the same as those of referential example 1-1. 

Then, 5 parts by weight of polyvinyl alcohol and 50 
parts by weight of water was added to 100 parts by weigh c of 
the mixture and mixed in a ball rr.iil for five hours to 



obtajn a uniform mixture. After drying the mixture for a 
predetermined time to eliminate a certain amount of 
moisture, an appropriate amount of the dried mixture was 
granulated. Subsequently, the granules of the mixture were 
molded by a metal mold by applying a pressure of Q.St/cm 2 , 
The disk-like molded product had a density of 2.0g/cm 3 . 

Then, the lower surface of the molded product, which 
was subsequently formed into the upper base material 11 A, 
was ground to form the grooves 13, which have a depth of 5mm 
and a width of ICmm, on substantially the entire lower 
surface . 

The molded product was then put into a graphite 
crucible that seals out ambient air and sintered in a 
Tammann sintering furnace. The sintering was performed in an 
argon gas atmosphere of one atmosphere. During the 
sintering, the temperature was raised to 1700°C at a 
temperature rising rate of 10°C/min and maintained at this 
temperature for four hours. 

As a result, in the manufactured base materials 11A, 
IIS, which were made of porous silicon carbide sinter, the 
porosity cf the opened pores 23 was 38%, the thermal 
conductivity was 50W/m-K, and the density was 2.0g/cm\ 
Further, the average grain diameter of the silicon carbide 
crystals was lOjum. 

Each of the referential examples in the present 
embodiment has the advantages described below. 

(1) In the porous silicon carbide sinter that forms the 
tabic 2 in each of the referential examples, the average 
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grain diameter of the silicon carbide crystals is 20/zm to 
ICO^m, the porosity is 5% to 30%, and the thermal 
conductivity is 80W/m-K or greater. Further, each cf the 
sinters include 10vol% to 50vol% of the fine crystals 21 
having an average grain diameter of 0-1/zm to 1.0 and 
50vol% to 90vol% of the rough crystals 22 having an average 
grain diameter of 25 to 65jum- 

Thus, the value of the thermal conductivity exceeds 
100W/m-K and the table 2 has very high thermal conductance. 
Thus, the temperature difference in the sinter is smaller 
than the conventional products. As a result, the sinter has 
very high thermal uniformity and thermal response. Further, 
the production of thermal stress is avoided and the base 
materials 11A, 113 resist bending. Thus, the shape stability 
cf the sinter is extremely high. Further, this enables the 
wafers 5 to have larger diameters and high quality. 

(2) In the table 2, the cooling water W flows through 
the coolant passage 12, which is arranged in the bonding 
interface of the base materials UA, 113- Thus, the heat 
produced when grinding the semiconductor wafers 5 is 
airectiy and efficiently released from, the table 2. In 
addition, fine control of the temperature is enabled. Thus, 
compared with a conventional apparatus that arranges a 
cooling jacket on the table to perform indirect cooling, the 
temperature difference in the table 2 is very small and the 
thermal uniformity and thermal response are improved 
drastically. Thus, the wafers 5 do not affect the apparatus 
1 in an undesirable manner and enlargement of the diameters 
of the wafers 5 is enabled. In addition^ since the wafers 5 
are ground with high accuracy, the quality of the wafers 5 
is high. 
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The present embodiment may be modified as described 
below. 

In addition to a metal bonding material such as a 
brazing material, the base materials 11A, 11B may be bonded 
with each other by a resin adhesive (e.g., epoxy resin). 

The base materials 1 1A, 11B do not necessarily have to 
bond by the brazing material layer 14. For example, the base 
materials 11A, 11B may be fastened to each other by nuts and 
bolts . 

In the present embodiment, the table 2 may have a 
three-layer structure instead of the two-layer structure. A 
table may also have a superimposed structure with four or 
more layers. 

Instead of forming the grooves 13 only in the upper 
base material 11A, the grooves 13 may be formed only in the 
lower base material 113. Alternatively/ the grooves 13 may 
be formed in both base materials 11A, 1IB. 

When using the table 2 of the present embodiment, a 
liquid other than water may be circulated in the coolant 
passage 12. Further, a gas may also be circulated. 

In addition to the table 2 of the wafer grinder, the 

porous silicon carbide sinter according to the present 

invention may be employed in a member other than the table 

(e.g., wafer top plate]. Of course, the application of the 

present invention is not restricted to an element that forms 

a semiconductor manufacturing apparatus such as the wafer 
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grinder table 2. For example, the sinter may be used in a 
heat: radiating body of a substrate to which electronic 
components are connected. Further, the sinter may of course 
be used as an abrasion resistant material for mechanical 
5 seals, bearings, or the like, a fireproof material for high 
temperature furnaces, a heat resistant structural material 
for heat exchangers, combustions pipes, or the like, and a 
corrosion resistant material for pumps or the like. 

10 (Second Embodiment) 

A table 2 according to a second embodiment will now be 
described with reference to Fig. 5. Parts that are the same 
as the first embodiment will not be described in detail. 

In the silicon carbide-metal composite of the present 
embodiment, the average grain diameter of the silicon 
carbide crystals is 20,um or greater, the porosity is 30% or 
less, and the thermal conductivity is 160W/m-K or greater. 
Further, 100 parts by weight of silicon carbide is 
impregnated with 15 parts by weight to 50 parts by weight of 
metal . 

The average grain diameter of the silicon carbide 
25 crystals forming the porous structure is a relatively large 
value that is 20 p or greater. The efficiency of heat 
transfer within crystals is generally higher than the 
efficiency of heat transfer between crystals. Thus, the 
thermal conductivity increases as the average grain diameter 
30 increases. Further, the porosity is set at a small value of 
30% or less. This also contributes tc increasing the thermal 
conductivity. In other words, the gaps in the porous 
structure decrease as the porosity decreases. This 
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facilitates the transfer of heat. The impregnation of 100 
parts by weight of silicon carbide with 15 parts by weight 
to 50 parts by weight of metal improves the thermal 
conductivity. 

5 

Further, in comparison to a conventional composite 
having thermal conductivity that is much lower than 
160W/m-K, the temperature difference in the composite is 
small. As a result, the composite has high thermal 
10 uniformity and thermal response. Further, since thermal 
stress is not produced and tne base materials 11A, 113 
resist bending, the shape stability of the composite 
increases . 

15 In this case, if the average grain diameter of the 

silicon carbide crystals is less than 20 urn or the porosity 
exceeds 30%, it is difficult for the thermal conductivity to 
have a large value of 160W/ni-K or greater even if 
impregnation is performed. Accordingly/ the thermal 

20 uniformity, thermal response, and shape stability are not 
sufficiently improved. It is required that the value of 
thermal conductivity be l$QW/m-K or greater, preferably 
180W/m*K to 280W/m-K, and most preferably 20CW/m-K to 
260W/m-K. 

25 

In the present embodiment, it is required that 100 
parts by weight of silicon carbide be impregnated with 15 
parts by weight to 50 parts by weight of metal. By 
performing metal impregnation, the opened pores 23 in the 
30 sinter are filled with metal. This virtually forms a dense 
body and increases the thermal conductivity and strength. 



It is preferred that metal silicon 24 be selected as 
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the impregnation metal. The metal silicon 24 adapts well to 
silicon carbide and has a high thermal conductivity. Thus, 
by filling the opened pores in the sinter with the metal 
silicon 24, an improvement in the thermal conductance and 
5 strength is guaranteed. 

In this case, it is preferred than 100 parts by weight 
of silicon carbide be impregnated with 15 to 45 parts by 
weight of the metal silicon 24, and further preferred that 
the silicon carbide be impregnated with 15 to 30 parts by 
weight of the metal silicon 24. If the impregnated amount is 
less than 15 parts by weight, the thermal resistance of the 
composite may not be decreased. On the other hand, if the 
impregnated amount exceeds 30 parts by weight, the 
proportion of the crystal may relatively decrease and, in 
some cases, decrease thermal conductivity. 

When selecting a material other than metal silicon 24 
such as metal aluminum, 100 parts by weight of silicon 
carbide may be impregnated with 20 to 50 parts by weight of 
the metal aluminum. If the impregnated amount is not 
included in the above range, the thermal conductivity may 
decrease . 

2 5 A method for manufacturing the porous silicon carbide 

sinter, which forms zhe table 2, will now be discussed. 

The porous silicon carbide sinter of this embodiment is 
manufactured through a material preparing process, in which 
30 fine powder is mixed with rough powder at a predetermined 
ratio, a molding process, a sintering process, and a metal 
impregnating process. The metal impregnating process may be 
performed either before or after the sintering process. The 
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material preparing process, the molding process, and the 
sintering process have been described in the first 
embodiment and will thus not be discussed below. 



In a metal impregnating process that is performed after 
the sintering processj metal is impregnated in the sinter 
(i.e., non-impregnated composite) as described below. 



Tor example, when impregnating the metal silicon 24, it 
10 is preferred that the sinter be impregnated with a 

carbonaceous substance beforehand. Such a carbonaceous 
substance includes an organic substance, such as furfural 
resin, phenol resin, lignin sulfonic acid, polyvinyl 
alcohol, cornstarch, molasses, coal-tar pitch, and alginate. 
15 Pyroiitic carbon such as carbon black and acetylene may also 
be used. 

A carbonaceous substance is impregnated beforehand 
because it forms a new silicon carbide film on the surface 
20 of the opened pores 23 of the sinter and strengthens the 
bonding between the molten silicon and the porous body. 
Further, the impregnation of the carbonaceous substance 
increases the strength of the sinter. 

25 The metal silicon 24 may be filled in the opened pores 

23, for example, by heating and melting the metal silicon 24 
and impregnating the melted silicon. Further, fine grains of 
the metal silicon 24 may be dispersed in a dispersion 
liquid. Then, a porous body may be impregnated with the 

30 dispersion liquid and heated to a mecal silicon melting 
temperature or higher. 



The metal impregnating process may be performed on a 
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molded product, or before the sintering process. This would 
save power and thus decrease cost although the quality of 
the obtained product would slightly deteriorate. 

A few referential examples specifically employing the 
present embodiment will now 7 be discussed. 

[Referential Example 2-1] 

In referential example 2-1, a rough powder (#400) of a 
silicon carbide having an average grain diameter of 30 Mm and 
a fine powder (GMF-15K2) of a silicon carbide having an 
average grain diameter of 0.3pm were prepared. Then, 30 
parts by weight of the fine powder was added to 100 parts by 
weight of the rough powder and uniformly mixed. 

Then, 5 parts by weight of polyvinyl alcohol, 3 parts 
by weight of phenolic resin, and 50 parts by weight of water 
were added to 100 parts by weight of the mixture and mixed 
in a ball mill for five hours to obtain a uniform mixture. 
After drying the mixture for a predetermined time to 
eliminate a certain amount of moisture, an appropriate 
amount of the dried mixture was granulated. In this state, 
the moisture rate of the granules was adjusted to about 
0.8wt%. Subsequently, the granules of the mixture were 
molded by a metal mold by applying a pressure of 1.3t/cm 2 . 
The disk-like molded product {50mm3>, 5mmt) had a density of 
2 . 6g/cm J . 

Then, the lower surface of the molded product, which 
was subsequently formed into the upper base material ilA, 
was ground to form the grooves 13, which have a depth of 5mm 
and a width of 10mm, on the entire lewer surface, 
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'The molded product was then put into a graphite 
crucible and sintered with a Tammann sintering furnace. The 
sintering was performed in an argon gas atmosphere of one 
5 atmosphere. During the sintering, the temperature was raised 
to 2200 at a temperature rising rate of 10°C/min and 
maintained at this temperature for four hours. 

The produced porous sinter was vacuum impregnated with * 
10 phenolic resin (carbonization rate 30wt%) and then dried. 

Subsequently; the surface of the porous sinter was coated 
_ with slurry including the metal silicon 24. The mixture of 

100 parts by weight of metal silicon powder, which had an 
B avera ge grain diameter of 20 and a purity of 99.9999wt%, 

m 15 and 60 parts by weight of 5% acrylic acid ester benzene 

111 solution was used as the slurry. The porous sinter coated 

X with metal silicon 24 was then heated in an argon gas 

s current at a temperature rising rate of 450°C/hour and 

?7 maintained at the maximum temperature of 1450°C for about 

h& 2 0 one hour. This treatment impregnated the porous sinter with 

2 metal silicon and produced a silicon carbide-metal 

fll composite. The impregnation amount of the meral silicon 24 

relative to 100 parts by weight of silicon carbide was 30 

parts by weight. 

2 5 

In the manufactured base materials 11A, 11B, which were 
made of a silicon carbide-metal composite, the porosity of 
opened pores 23 in the porous structure was 20%, the zhermai 
conductivity as a whole was 210W/r.vK, and the density as a 
30 whole was 3.0g/cm 3 . Further, the average grain diameter of 
the silicon carbide crystals was 30 urn. More specifically, 
the base materials 11A, 113 included 20vol% of the fine 
crystals 21 having an average grain diameter of ! . 0 £< m and 



80vci% of the rough crystals 22 having an average grain 
diameter of 40/zni. The graph of Tig. 4C shows the grit 
distribution in referential example 2-1- 

5 A shaping process was then performed using a technique 

known in the art. Afterward, the two base materials 11A, 11B 
were integrally bonded with each other using a silver 
brazing material- Further, the upper surface of the upper 
base material 11A was ground to complete the table 2. 

10 

The table 2 of the example 2-1 that was manufactured in 
this manner was set on various types of the grinder 1 and 
the semiconductor wafers 5 of varied sizes were ground while 
constantly circulating the cooling water W in the coolant 

15 passage 12. The semiconductor wafers 5, which were ground by 
the various types of the grinder 1, were observed. There 
were no damages to the wafers 5 regardless of size. Further, 
the wafers 5 were not bent. In ether words, it was confirmed 
that the semiconductor wafers 5 having very large diameters 

20 and high quality were manufactured when using the table 2 of 
this referential example. 

Fig. 5 is an enlarged schematic cross-sect icnal view 
showing the table 2 of referential example 2-1. The silicon 

25 carbide-metal composite forming the table 2 includes the 

fine crystals 21 and the rough crystals 22. The gaps formed 
between the rough crystals 22 are substantially filled with 
the fine crystals 21. Accordingly, it can be considered that 
the actual ratio of the gaps, or the porosity of the opened 

30 pores 23, is very small. In addition, the metal silicon 24 
is embedded in the remaining gaps. 

[Referential Example 2-2] 
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In referential example 2-2, a rough powder (&360) of a 
silicon carbide having an average grain diameter of 35 {im was 
used, and 40 parts by weight of fine powder was added to 100 
5 parts by weight of the rough powder and uniformly mixed. The 
other conditions were basically the same as referential 
example 2-1. 

As a result, in the manufactured base materials 
11B, which were made of silicon carbide-metal composite, the 
porosity of the opened pores of the porous structure was 
17%, the entire thermal conductivity was 220W/m-K, and the 
density was 3.0g/cm\ Further, the average grain diameter of 
the silicon carbide crystals was 36/xm. More specifically, 
the base materials 11A, 113 included 20vol% of the fine 
crystals 21 having an average grain diameter of 1.0 Aim and 
S0vol% of the rough crystals 22 having an average grain 
diameter of 45 pm. The graph of Fig. 4B shows the grit 
distribution of the sinter of referential example 2-2. 

After completing the table 2 through the same procedure 
as referential example 2-1, the table 2 was set on the 
various types of the grinder 1 and zhe semiconductor wafers 
5 of various sizes were ground. Like referential example 2- 
1, excellent results were obtained. 

[Referential Example 2-3] 

In referential example 2-3, a rough powder (#240) of a 
30 silicon carbide having an average grain diameter of 57 ju m was 
used, and 40 parts by weight of fine powder was added to 100 
parts by weight of the rough powder and uniformly mixed. The 
other conditions were basically the same as referential 
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example 2-1 < 

As a result, in the manufactured base materials 11A, 
IIS, which were made of silicon carbide-metal composite, the 
porosity of the opened pores 23 was 15%, the thermal 
conductivity was 23GW/m-K, and the density was 3-lg/cm 3 . 
Further, the average grain diameter of the silicon carbide 
crystals was 65jum. More specifically, the base materials 
11A, 11B included 20vol% of the fine crystals 21 having an 
average grain diameter of l.O^m and 80vol% of the rough 
crystals 22 having an average grain diameter of 60 jim. The 
graph of Fig. 4A shows the grit distribution of the sinter 
of referential example 2-3. 

After completing the table 2 through the same procedure 
as referential example 2-1, the table 2 was set on the 
various types of the grinder 1 and the semiconductor wafers 
5 of various sizes were ground. Like referential example 2- 
1, excellent results were obtained. 

[Comparative Example 2] 

In comparative example 2, a rough powder of a silicon 
carbide having an average grain diameter of 10 y,m was used, 
and 45 parts by weight of fine powder having an average 
grain diameter of 0.7^m was added to 100 parts by weight of 
the rough powder and uniformly mixed. The other conditions 
were basically the same as referential example 1-1. 

Then, 5 parts by weight of polyvinyl alcohol and 50 
parts oy weight of water was added to 100 parts by weight of 
the mixture and mixed in a ball mill for five hours to 
obtain a uniform mixture. After drying the mixture for a 
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predetermined time to eliminate a certain amount of 
moisture, an appropriate amount of the dried mixture was 
granulated. Subsequently, the granules of the mixture were 
molded by a metal mold by applying a pressure of 0.6t/cm 7 . 
The disk-like molded product had a density of 2.0g/cm 3 . 
Then, the metal silicon 24 was impregnated under the same 
conditions as referential example 1-1. 

Then, the lower surface of the melded product, which 
was subsequently formed into the upper base material 11A, 
was ground to form the grooves 13, which have a depth of 5mm 
and a width of 10mm, on substantially the entire lower 
surface- 

The molded product was then put into a graphite 
crucible that seals out ambient air and sintered in a 
Tammann sintering furnace. The sintering was performed in an 
argon gas atmosphere of one atmosphere- During the 
sintering, the temperature was raised to 1700°C at a 
-emperature rising rate of 10°C/min and maintained at this 
temperature for four hours. 

As a result, in the manufactured base materials 
113, which were made of silicon carbide-metal composite, the 
porosity of the opened pores 23 was 38%, the thermal . 
conductivity was 130W/m-K, and the density was 2.8g/cm 3 . 
Further, the average grain diameter of the silicon carbide 
crystals was lO^m. 

Each of the referential examples in the present 
embodiment has the advantages described below. 

(1) In the composite that forms the table 2 in each of 
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the referential examples, the average grain diameter of the 
silicon carbide crystals is 20 jsm to 100 jum, the porosity of 
the porous structure is 5% to 30%, and the thermal 
conductivity as a whole is 16QW/n-K or greater, further, 100 
parts by weight of silicon carbide is impregnated with 15 
parts by weight to 45 parts by weight of the metal silicon 
24. 

In addition, each of the composites include 10vol% to 
50voi% of fine crystals having an average grain diameter of 
Q.l/xm to hOjLtm and 50vol% to 30vol% of rough crystals 
having an average grain diameter of 25 to 150 /zm. 

Thus, the value of the thermal conductivity exceeds 
16GW/m-K and the table 2 has very high thermal conductance. 
Thus, the temperature difference in the composite is smaller 
than the conventional products. As a result, the composite 
has very high thermal uniformity and thermal response. 
Further, the production of thermal stress is avoided and the 
base materials 11A, 113 resist bending. Thus, the shape 
stability of the composite is extremely high. Further, this 
enables the wafers 5 to have larger diameters and high 
quality. 

(2) In the table 2, the cooling water W flows through 
the coolant passage 12, which is arranged in the bonding 
interface of the base materials 11A, 113. Thus, the heat 
produced when grinding the semiconductor wafers 5 is 
directly and efficiently released from the table 2. In 
addition, fine control of the temperature is enabled. Thus, 
compared with a conventional apparatus that arranges a 
cooling jacket on the table to perform indirect cooling, the 
temperature difference in the table 2 is very small and the 



thermal uniformity and thermal response are improved 
drastically. Thus, the wafers 5 do not affect the apparatus 
1 in an undesirable manner and enlargement of the diameters 
of the wafers 5 is possible. In addition, since the wafers 5 
5 are ground with high accuracy, the quality of the wafers 5 
is high. 

The present embodiment may be modified as described 
below. 

10 

The impregnation metal impregnated in the sinter is not 
limited to the metal silicon 24, which is employed in this 
embodiment- Impregnation may be performed using a conductive 
metal material, such as aluminum, gold, silver, copper, or 
15 titanium. 

(Third Embodiment) 

A table 2 according to a third embodiment will now be 
20 described with reference to Figs. 6 and 7. Parts that are 
the same as the above embodiments will not be described in 
detail- 
In the table 2 of this embodiment, silicon carbide- 
25 metal composites 18 are adhered to each other by means of a 
bonding layer 31, which is made of metal silicon 24, and not 
the brazing material layer 14. 

The difference in coefficient of thermal expansion 
30 between silicon carbide-metal composites 18 and the adhering 
layer 31, which is made of the metal silicon 24, is 
extremely small. This structure prevents the formation of 
cracks and exfoliation in the bonding interface. Thus, the 
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composites 18 resists being damaged when subjected to a heat 
cycle and has superior long-term reliability. Further, the 
thermal conductivity of the metal silicon 24 is much higher 
than a typical adhesive. Thus, the metal silicon 24 does not 
increase thermal resistance in the bonding interface. 
Accordingly, the composites 18 have superior thermal 
conductivity. 

It is preferred that the thickness of the bonding layer 
31, which is made of metal silicon 24, be 10 ^m to 1500m£t , 
and further preferred that the thickness be 100 to 
1500m/i . This is because if the thickness of the bonding 
layer 31 is less than 10#ir., the bonding strength may be 
insufficient. On the other hand, if the thickness of the 
bonding layer 31 is greater than 1500pm, it becomes 
difficult to set the conditions of impregnation such as 
temperature and time. This may cause the bonding to become 
difficult. 

The reason for selecting metal silicon 24 as the 
impregnation metal is because metal silicon 24 easily adapts 
to silicon carbide and has high thermal conductivity- Thus, 
charging the metal silicon 2£ in opened pores 23 of porous 
bodies 17 increases the thermal conductivity and strength. 
Further, unlike a resin material such as an adhesive, the 
coefficient of thermal expansion of the metal silicon 24 is 
approximate to silicon carbide. Thus, the metal silicon 24 
is optimal for use as the material of the bonding layer 31. 

The procedure for manufacturing the table 2 will now be 
discussed with reference to Fig. 3. 

The silicon carbide porous body 17 is manufactured 
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through a material preparing process, in which fine powder 
is mixed with rough powder at a predetermined ratio, a 
molding process, a sintering process, and a metal 
impregnating/base material bonding process. The material 
5 preparing process, the molding process, and the sintering 
process have already been described in detail in the above 
embodiments and thus will not be discussed below. 

In the metal impregnating/base material bonding process 
1G that follows the sintering process, the non-impregnated 

porous bodies 17 are impregnated with the metal silicon 24 
in the manner described below. When impregnating the metal 
silicon 24, it is preferred that the porcus bodies 17 be 
impregnated with a carbonaceous substance. 

IS 

First, multiple sheets of the porous bodies 17 are 
superimposed. Then, solid metal silicon 24 is placed on the 
uppermost portion of the superimpcsure (refer to Figs. 7A 
and 5) . In this embodiment, the solid metal silicon 24 is 
20 block-like. However, the metal silicon 24 may be powder- 
like, grain-like, or sheet like. Further, paste-like silicon 
24 may be used in lieu of the solid metal silicon 24 and may 
be applied to the uppermost portion of the superiraposure 
structure. 

25 

Then, the superimposure is set in a furnace and heated 
for a predetermined time at a predetermined temperature 
(refer to Fig. 7C) . As a result, the solid or paste-like 
metal silicon 24 melts and falls through and out of the 
33 opened pores 23 of the porous bodies 17. This impregnates 
the metal silicon 24 in the porous bodies 17 and produces 
the desired silicon carbide-metal composites 18. 
Simui tancously, the bonding layer 31, which is made of metal 



silicon 24, bonds the composites 18 to one another. 



It is preferred that the heating temperature be set at 
150C 3 C tc 2000°C. This is because if the temperature is 
5 lower than 1500°C P the metal silicon 24 does not completely 
melt and flow down. This may produce non-impregnation 
portions in the composites IS or non-bonded portions in the 
bonding interface. On the other hand, if the temperature is 
higher than 2000°C, the metal silicon 24 vaporizes 
10 (sublimates) . This may cause the amount of metal silicon 24 
in the bonding interface to be insufficient and thus 
decrease the bonding strength. Further/ since heat energy is 
wasted during the heating, economic efficiency and 
productivity may decrease. 

15 

It is preferred that the heating time be one hour or 
longer. This is because if the heating time is less than one 
hour, non-impregnated portions may be produced in the 
composites 13 and non-bonded portions may be produced in the 
20 bonding interface. 

It is preferred that the superimposure be heated in 
astate in which pressure is reduced, and especially / under 
the condition of Storr or less. This is because in a state 

25 in which the pressure is reduced, the air in the porous 
bodies 17 is easily released from the opened pores. This 
enables smooth impregnation of the metal silicon 24. 
Further, by producing an environment in which the amount of 
oxygen is small, oxidation of the metal silicon 24 is 

30 prevented. 

A lew referential examples specifically employing the 
present embodiment will now be discussed. 
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[Referential Example 3-1 j 



In referential example 3-1, a rough powder (#400) of a 
5 silicon carbide having an average grain diameter of 30 Mm and 
a fine powder (GMF-15H2) of a silicon carbide having an 
average grain diameter of 0.3^m were prepared. Then, 30 
parts by weight of the fine powder was added to 100 parts by 
weight of the rough powder and uniformly mixed. 

10 

Then, 5 parts by weight of polyvinyl alcohol, 3 parts 
by weight of phenolic resin, and SO parts by weight of water 
were added to 100 parts by weight: of the mixture and mixed 
in a ball mill for five hours to obtain a uniform mixture. 

15 After drying the mixture for a predetermined time to 

eliminate a certain amount: of moisture, an appropriate 
amount of the dried mixture was granulated. In this state, 
the moisture rate of the granules was adjusted to about 
0.8wt%. Subsequently, the granules of the mixture were 

20 molded by a metal mold by applying a pressure of 1.3t/cm 2 . 

The disk-like molded product (50mn<5, 5mmt) had a density of 
2.6g/cm 3 . 



Then, the lower surface of the molded product, which 
25 was subsequently formed into the upper base material 11A, 

was ground to form the grooves 13, which have a depth of 5mm 
and a width of 10mm, on the entire lower surface. 

The molded product was then put into a graphite 
30 crucible and sintered with a Tammann sintering furnace. The 
sintering was performed in an argon gas atmosphere of one 
atmosphere. During the sintering, the temperature was raised 
to 2200°C at a temperature rising rate of 10°C/min and 
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maintained at this temperature for four hours. 

In the following metal impregnating/base material 
bonding process, the produced porous sinter was vacuum 
5 impregnated with phenolic resin (carbonization rate 30wt%) 
and then dried. Subsequently, two sheets of the porous 
bodies 17 were superimposed, and blocks qf the metal silicon 
24 were placed on the uppermost portion of the 
superimposure. The purity of the blocks of metal silicon 24 

10 was 99.99wt% or greater. The superimposure on which the 

blocks of metal silicon 24 were placed was put in a furnace 
and heated under a reduced pressure environment of Itorr and 
maintained at a maximum temperature of 1800°C for about 
three hours. As a result, the solid metal silicon 24 was 

15 melted, and the metal silicon 24 was impregnated in the 
porous bodies 17. Simultaneously, the composites 18 were 
bonded to each other by means of the bonding layer 31. The 
impregnation amount of the metal silicon 24 relative to 100 
parts by weight of silicon carbide was 30 parts by weight. 

2 0 Further, the thickness of the bonding layer 31 , which was 
made of the metal silicon 24, was ISOjunu 

In the manufactured base materials 11A, 118, which were 
made of the silicon carbide-metal composite,, the porosity of 

25 the opened pores 23 in the porous structure was 20%, the 
thermal conductivity as a whole was 210W/m*K, and the 
density as a whole was 3.0g/cm\ Further, the average grain 
diameter of the silicon carbide crystals 21, 22 was 30/m. 
More specifically, the base materials 11A, 113 included 

30 20vol% of the fine crystals 21 having an average grain 

diameter of 1.0 and S0vol% of the rough crystals 22 having 
an average grain diameter of 40/itn. 
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The coefficient of tharmal expansion of the porous 
bodies 17 in this embodiment was 4-Q*lO~V 3 C. The 
coefficient of thermal expansion of the bonding layer 31 
made of metal silicon 24 was 4.2xlO~7°C and extremely 
5 approximate to that of the metal silicon 24. The thermal 
conductivity of the bonding layer 31, which is made of the 
metal silicon 24, was 150W/m-K- Thus, the bonding layer 31 
was a highly thermal conductive body. 

10 Subsequently, the surface of the upper base material 

11A was ground to finally complete the table 2. 

The flexural strength of the table 2 of referential 
example 3-1 that was produced in this manner was measured a 
15 number of times using a technique known in the art. The 
result indicated an average value of about 55CM?a. 

As schematically shown in Fig. SB, the metal silicon 24 
impregnated in the porous bodies 17 and the metal silicon 24 
2 0 forming the bonding layer are continuous and have no 

boundaries. It is believed that this somewhat increases the 
flexural strength. 

Further, after performing a heat cycle for a certain 
25 period of time, the table 2 was cut vertically, and the cut 
surface was observed by the naked eye or with a microscope. 
The result showed that cracks or exfoliation were not found 
in the bonding interface. 

3C The table 2 of the example 3-1 that was manufactured in 

this manner was set on various types of -the grinder 1 and 
the semiconductor wafers 5 of varied sizes were ground while 
constantly circulating the cooling water W in the coolant 
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passage 12, The semiconductor wafers 5, which were ground by 
Che various types of the grinder 1, were observed. There 
were no damages to the wafers 5 regardless of size. Further, 
the wafers 5 were not bent. In other words, it was confirmed 
5 that the semiconductor wafers 5 having large diameters and 
high quality were manufactured when using the table 2 of 
referential example 3-1. 

[Referential Example 3-2] 

10 

In referential example 3-2/ the table 2 was 
manufactured with the bonding layer 31 having a thickness of 
50 jum- The other conditions were basically the same as those 
of referential example 3-1. 

15 

The flexural strength of the produced table 2 was 
measured a number of times , and the average value was about 
550M?a. Further, after performing a heat cycle for a certain 
period of time, the cut surface of the table 2 was observed. 
20 The result showed that cracks or exfoliation were not found 
at all in the bonding interface. 

The table 2 was set on various types of the grinder 1 
and the semiconductor wafers 5 of varied sizes were ground - 
25 Excellent results similar to those of referential example 3- 
1 were obtained. That is, there ware no damages to or 
bending of the wafers 5, and it was confirmed that the 
semiconductor wafers 5 having large diameters and high 
quality were manufactured. 

30 

[Referential Example 3-3] 

in referential example 3-3, the table 2 was 
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manufactured with the bonding layer 31 having a thickness of 
1500 jum. The other conditions were basically the same as 
those of referential example 3-1. 

The flexural strength of the produced table 2 was 
measured a number of times, and the average value was about 
550MPa. Further, after performing a heat cycle for a certain 
period of time, the cut surface of the table 2 was observed- 
The result showed that cracks or exfoliation were not found 
at ail in the bonding interface. 

The table 2 was set on various types of the grinder 1 
and the semiconductor wafers 5 of varied sizes were ground. 
Excellent results similar to those of referential example 3™ 
1 were obtained. That is, there were no damages to or 
bending of the wafers 5, and it was confirmed that the 
semiconductor wafers 5 having large diameters and high 
quality were manufactured. 

"Comparative Example 3-1] 

In comparative example 3, the base substrates 11A, 113 
were manufactured by impregnating each porous body 17 with 
the metal silicon 24. Then, a brazing material made of Ag- 
Cu-Ti was used to braze and bond the base materials 11A, 113 
to each other. The other conditions were basically the same 
as referential example 3-1 when producing the table 2. The 
thermal conductivity of the brazing material was 170W/m-K 
and slightly higher than the metal silicon 24 . The 
coefficient of thermal expansion of the brazing material was 
18.5xiO" G /°C and somewhat greater than thfe metal silicon 24. 



In comparative example 3-1, the impregnation of the 



metal silicon 24 and the bonding of the base materials 11A, 
11B were performed in different processes. Thus, comparative 
example 3-1 was inferior to the three referential examples 
from the viewpoint of productivity and cost, 

5 

Then/ the flexural strength of the produced table 2 was 
measured a number of times , and the average value was about 
400MPa, which is a value lower than the three referential 
examples- Further, after performing a heat cycle for a 
10 certain period of time, the cut surface of the table 2 was 
observed. The result showed that cracks or exfoliation were 
found in the bonding interface. 

[Comparative Example 3-2] 

15 

In referential example 3-2, the base substrates 11A, 
11B were manufactured by impregnating each porous body 17 
with the metal silicon 24. Then, a resin adhesive 
(manufactured by Cemedine) was used to adhere the base 

20 materials 11A, 11B to each other. The other conditions were 
basically the same as referential example 3-1 when producing 
the table 2- The thermal conductivity of the adhesive was 
C , 162 r A T /m-K and much lower than the metal silicon 24. The 
coefficient of thermal expansion of the adhesive was 

25 c5xlG~V c C and much greater than the metal silicon 24. 

In comparative example 3-2, the impregnation of the 
metal siliccn 24 and the bonding of the base materials 11A, 
11B were performed in different processes. Thus, comparative 
30 example 3-2 was inferior to the three referential examples 
from the viewpoints of productivity and cost. 

Then, the flexural strength of the produced table 2 was 
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measured a number of times, and the average value was about 
50M?a, which is a value further lower than comparative 
example 3-1- Further, after performing a heat cycle for a 
certain period of time, the cut surface of the table 2 was 
5 observed. The result showed that cracks or exfoliation were 
found in the bonding interface. 

Each of the referential examples in this embodiment has 
the advantages described below, 

10 

{!) In the table 2 of each referential example, two 
sheets of the silicon carbide-metal composite 18 are bonded 
to each other by the bonding layer 31, which is made of the 
metal silicon 24. The difference between the coefficient of 

15 thermal expansion of the bonding layer 31 and the 

coefficient of thermal expansion of the composites 18 (which 
is substantially the same as the coefficient of thermal 
expansion of silicon carbide) is about 0.2xlO~V°C and 
extremely small. Thus, thermal stress is net produced by the 

20 coefficient of thermal expansion difference and the 

formation of cracks and exfoliation is prevented. Thus, the 
table 2 resists being damaged when subjected to a heat cycle 
and has superior long-term reliability- Further, the thermal 
conductivity of the metal silicon 24 is much higher than an 

25 adhesive. Thus, the metal silicon 24 does not increase 

thermal resistance in the bonding interface. Accordingly, 
the table 2 has superior thermal conductivity. 

(2) In the referential examples, when manufacturing the 
30 table 2, the impregnation of the metal silicon 24 and the 
bonding of the composites 18 are performed simultaneously. 
Accordingly, in comparison to when performing each process 
separately, the table 2 is efficiently produced. This 
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ensures that the optimal tabic 2 is produced inexpensively. 

(3) In the referential examples, the formation of 
cracks and exfoliation in the bonding interface is 
5 prevented, and damages do not occur when a heat cycle is 

performed. This prevents water from leaking from the coolant 
passage 12, and the table 2 has long-term reliability. 
Further, the bonding layer 31, which is made of the metal 
silicon 24, does not increase thermal resistance in the 

10 bonding interface. Thus, the table has superior thermal 

conductivity. Accordingly/ the temperature difference in the 
table 2 is low, and the table 2 has extremely high thermal 
uniformity and thermal response. Therefore, a large 
diameter, high quality wafer 5 is manufactured by using the 

15 table 2 in the wafer grinder 1. 

This embodiment may be modified as described below. 

The porous body 17, which is made of a silicon- 
20 containing ceramic, may be made of a material other than 
silicon carbide, such as silicon nitride, to produce the 
table 2. Further, instead of employing composites 18 formed 
from the same type of ceramic, the composites 13 may be 
formed from different types of ceramics (e.g., a combination 
25 of silicon carbide and silicon nitride) . 

The present invention is not to be limited to the first 
to third embodiments. Further, the present invention is not 
to be limited to the details given herein, but may be 
30 modified within the scope of the appended claims. 
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CLAIMS 



1. A porous silicon carbide sinter having a structure 
formed by silicon carbide crystals (21, 22) that includes 
5 0 p ene d pores [23), wherein the porous sinter has a silicon 
carbide crystal average grain diameter of 20/zm or greater, a 
porosity of 40% or less, and a thermal conductivity of 
SQW/m- K or more. 

10 2. A porous silicon carbide sinter having a structure 

formed by silicon carbide crystals (21/ 22) that includes 
opened pores (23), wherein the porous sinter has a silicon 
carbide crystal average grain diameter of 20jum to 100 ixm f a 
porosity of 5% to 30%, and a thermal conductivity of 80W/m-K 

15 or more. 

3. The porous silicon carbide sinter according to 
claim 1 or 2, characterized in that the silicon carbide 
crystals include 10vol% to 5Cvol% of fine silicon carbide 

2C crystals (21) having an average grain diameter of 0.1 ^m to 

1 . 0 /i m and 53vol% to 90vol% of rough silicon carbide crystals 
(22) having an average grain diameter of 25jum to ISOjum. 

4. A method for manufacturing a porous silicon 

25 carbide sinter having a structure formed by silicon carbide 
crystals (21, 22) that includes opened pores (23), wherein 
the porous silicon carbide sinter has a silicon carbide 
crystal average grain diameter of 20 or greater, a 
porosity of 30^ or less, and a thermal conductivity of 

30 80w/m-K or more, the method comprising the steps of: 

adding 10 parts by weight to 100 parts by weight of a 
fine powder of a silicon carbide having an average grain 
diameter of G.l/zm to 1 . 0 ju m to 100 parts by weight of a 
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rough powder of a silicon carbide having an average grain 
diameter of 5^m to 100 /z m and uniformly mixing the rough 
powder and the fine powder; 

molding a mixture obtained in the nixing step into a 
5 predetermined shape to produce a molded product; and 

sintering the molded product within a temperature range 
of 17QQ°C to 240Q*C to produce a sinter. 

5. A member (2) used in a wafer grinder, wherein the 
10 wafer grinder member is formed from the porous silicon 

carbide sinter according to any one of claims 1 to 3. 

6. A wafer grinder table having a grinding surface 
(2a) for grinding a semiconductor wafer held on a wafer 
holding plate, the table including: 

a plurality of bonded base materials 11B) , each 

formed from the porous silicon carbide sinter according to 
any one of claims 1 to 3; and 

a fluid passage (12) formed in a bending interface of 
the base materials. 

7. A silicon carbide-metal composite having a porous 
structure formed by silicon carbide crystals (21, 22) that 
includes opened pores (23), wherein the opened pores are 
impregnated with metal; wherein the silicon carbide-metal 
composite has a silicon carbide crystal average grain 
diameter of 2Cjum or greater, a porosity of 30% cr less, and 
a thermal conductivity of ISOW/ru-K or more, and wherein 100 
parts by weight of silicon carbide are impregnated with 15 
parts by weight to 50 parts by weight of metal. 

3. A silicon carbide-metal composite having a porous 
structure formed by silicon carbide crystals (21, 22) that 
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, includes opened pores (23), wherein the opened pores are 
impregnated with metal, wherein the silicon carbide-metal 
composite has a silicon carbide crystal average grain 
diameter of 20^m to 100 ^m, a porosity of 5% to 30%, and a 
5 thermal conductivity of 160W/m-K or more, and wherein 100 
parts by weight of silicon carbide are impregnated with 15 
parts by weight to 50 parts by weight of metal. 



9. The silicon carbide-metal composite according to 
10 claim 7 or 8, characterized in that 100 parts by weight of 
silicon carbide is impregnated with 15 parts by weight to 45 
parts by weight of metal silicon. 



10. The silicon carbide-metal composite according to 
claim 7 or 8, characterized in that 100 parts by weight of 
silicon carbide is impregnated with 20 parts by weight to 50 
pans by weight of metal aluminum. 



11. The silicon carbide-metal composite according to 
20 any one of claims 7 to 10, characterized in that the silicon 
carbide crystals include 10vol% to 50vol% of fine silicon 
carbide crystals (21) having an average grain, diameter of 
O.ljtiia to 1,0/Ltm and 50vci% to 90vol% of rough silicon 
carbide crystals (22) having an average grain diameter of 
25 25 jam to 150/xztu 



12, A method for manufacturing a silicon carbide-metal 
composite having a porous structure formed by silicon 
carbide crystals (21, 22) that includes opened pores (23) , 
30 wherein 100 parts by weight of silicon carbide is 

impregnated with 15 parts by weight to 50 parts by weight of 
metal in the opened pores, the average grain diameter of the 

silicon carbide crystals is 20,um cr greater, the porosity is 
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30% or less, and the thermal conductivity is 160W/m-K or 
greater, the method comprising the steps of: 

adding 10 parts by weight to 100 parts by weight of a 
fine powder of a silicon carbide having an average grain 
diameter of 0.1#m to 1.0/im to 100 parts by weight of a 
rough powder of a silicon carbide having an average grain 
diameter of 5fxm to 100 ,um and uniformly mixing the rough 
powder and the fine powder; 

molding a mixture produced in the mixing step into a 
predetermined shape to produce a molded product; 

sintering the molded product within a temperature range 
of 1700°C to 2400°C to produce a sinter; and 

impregnating the molded product or the sinter wirh 
metal . 

13. The method for manufacturing a silicon carbide- 
metal composite according to claim 12, characterized in that 
lwt% to 10wt%, in carbon weight converted value, of an 
organic substance serving as a carbide source is added to 
the molded product. 

14. A member (2) used in a wafer grinder, wherein the 
wafer grinder member is formed from the silicon carbide- 
metal composite according to any one of claims 7 to 11. 

15. A wafer grinder table having a grinding surface 
(2a) for grinding a semiconductor wafer held on a wafer 
holding plate, the table (2) including: 

a plurality of bonded base materials (11A, 11B) , each 
formed from the silicon carbide-metal composite according to 
any one of claims 7 to 11; and 

a fluid passage formed in a bonding interface of the 
base materials. 



16. A wafer grinder table having a grinding surface 
(2a) for grinding a semiconductor wafer held on a wafer 
holding plate, the tabic (2) including: 

a plurality of base materials (11A, 115), each of which 
is a ceramic-metal composite formed by impregnating metal 
silicon in opened bores of a porous body made of silicon- 
containing ceramic; 

a bonding layer {14} formed from the metal silicon to 
bond the base materials; and 

a fluid passage (12) formed in a bonding interface of 
the base materials- 

17. The wafer grinder table according to claim 16, 
characterized in that, in the ceramic-metal composite, the 
porous body includes silicon carbide crystals with an 
average grain diameter of 20/im to 100 /in, has a porosity of 
10% to 50%, and has a thermal conductivity of 160W/m-K or 
more, and wherein 100 pans by weight of silicon carbide is 
impregnated with 15 parts by weight to 50 parts by weight of 
the metal silicon. 

18. The wafer grinder table according to claim 17, 
characterised in that the silicon carbide crystals include 
10vol% to S0vol% of fine silicon carbide crystals (21) 
having an average grain diameter of 0.1/xm to i.O^m and 
50vcl% to 90vol% of rough silicon carbide crystals (22) 
having an average grain diameter of 25 to 150um. 

19- The wafer grinder table according to any one of 
claims 15 to 13, characterized in that the bonding layer has 
a thickness of 10 to 1500^m. 
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